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(57) Abstract 

An apparatus for ablating body tissue is provided that is particularly adapted for creating both linear and point lesions in the 
endocardium. The apparatus comprises an elongate tubular member (26) having a tip electrode (32) and an ablation section (34) mounted 
thereon. The ablation section (34) includes one or more spaced electrodes, a fluid permeable foam material (46), and a fluid impermeable 
covering (48) having a plurality of holes (50) formed in it. The flow of conductive fluid to the ablation section during use allows contact 
to be maintained between the electrodes and the tissue to be ablated so as to minimize the formation of lesion breaks. The conductive fluid 
also serves to cool the tip electrode (32) during its use by delivering the fluid to the tip electrode before routing it to the ablation section. 
In preferred embodiments, use of a shape wire (66) and/or one or more pullwires (64) allows the inventive apparatus to be more easily 
manipulated during the ablation procedure. 
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COMBINATION OF LINEAR ABLATION AND COOLED TIP RF CATHETERS 



BACKGROUND 

The present invention generally relates to medical 
devices and methods for ablating living tissue. More 
particularly, the present invention relates to radio 
frequency ("RF") ablation catheters and methods for 
using the same to create lesions within the heart. 

Atrial fibrillation is a condition in the heart in 
which abnormal electrical signals are generated in 
the endocardial tissue to cause irregular beatings of 
the heart. A proven protocol for successfully 
treating this condition is open heart surgery 
(sometimes referred to as the "maze" procedure) where 
several long (i.e. approximately 2-10 cm) lesions are 
created in the endocardium within the upper chambers 
of the heart ("atria") . These lesions block the flow 
of excess electrical impulses within the atria and 
allow the impulse from the sinus node to properly 
regulate heart contraction. 

However, because open heart surgery is highly 
invasive and requires a lengthy patient recovery 
period, alternative methods for making lesions have 
been recently explored. One such alternative is the 
use of ablation catheters that includes one or more 
electrodes . 



Typically, an ablation catheter is advanced into the 
heart via the patient's vessels. When the electrodes 
are placed in the desired position within the heart 
chamber, radio frequency ("RF") energy is supplied to 
the catheter thereby burning lesions into the 
endocardium . 

Initial designs for ablation catheters generally 
comprised of an elongated shaft in which an electrode 
is mounted onto its distal end. Either point and 
linear lesions could be formed with these catheters 
by manipulating the placement of the tip. However, 
because of the tendency for the tip electrode to 
overheat and to lift off the tissue surface during 
ablation, creating suitable lesions using these 
catheters have been difficult. 

New catheter designs attempted to mitigate these 
disadvantages. One improvement is the addition of a 
mechanism to cool the tip electrode during use to 
minimize the risk of embolism from overheated blood. 
Such cooled tip ablation catheters are described in 
U.S. Patent Nos . 5,423,811 and 5,545,161 both of 
which are incorporated in their entireties herein by 
reference. Although these catheters mitigate the 
overheating problem, the tendency for the tip 
electrode to form uneven linear lesions still 
remains . 

Another improvement is the substitution of the tip 
electrode for a series of electrodes to form a linear 
ablation section on the catheter. Illustrative 
examples of such ablation catheters are described in 
pending U.S. Application No. 08/965,353 filed 
November 6, 1997, entitled "DEFLECTABLE LOOP DESIGN 
FOR A LINEAR LESION ABLATION APPARATUS" by inventors 
Mark L. Pomeranz, Troy J. Chapman, Scott Tedder, 



Darren R. Sherman, and Steven C. Anderson, pending 
U.S. Application No. 08/680,426 filed on July 15, 
1996 entitled "SHAPABLE CATHETER USING EXCHANGEABLE 
CORE AND METHOD OF USE" by inventors Mark L. Pomeranz 
and Peter Park, and allowed U.S. Application No. 
08/611,656 filed on March 6, 1996 entitled "APPARATUS 
AND METHOD FOR LINEAR LESION ABLATION" by inventors 
Mark L. Pomeranz, Troy J. Chapman, Darren R. Sherman, 
and Mir Imran all of which are also incorporated in 
their entireties herein by reference. 

These catheters facilitate the formation of suitable 
linear lesions by providing additional surface area 
for distributing RF energy. Although linear lesion 
catheters are a significant improvement over tip 
electrode catheters, breaks still occasionally occur 
due to the difficulty in maintaining sufficient 
contact between the ablation section and the tissue 
surface . 

The impact of these breaks may be generally mitigated 
by forming point lesions at these sites in a follow 
up procedure. However, since linear ablation 
catheters are not generally suited to form point 
lesions, the follow up procedure typically requires 
removing the existing linear ablation catheter from 
the patient and substituting it for a tip electrode 
catheter. Because this catheter exchange may cause 
additional trauma to the patient as well as increase 
the overall length of the procedure, a need exists 
for an ablation catheter that combines the 
functionalities of both the tip electrode and the 
linear ablation section. 

SUMMARY OF THE INVENTION 

The present invention provides improved catheters for 
use in ablating tissue that allows for a greater 



degree of control in the type and quality of the 
lesions that may be formed. The inventive catheters 
comprise an elongate tubular member having a tip 
electrode and an ablation section mounted thereon. 
The ablation section includes one or more spaced 
electrodes, a fluid permeable foam material, and a 
fluid impermeable covering having a plurality of 
holes formed in it. Either point and linear lesions 
may be created by selectively and separately 
controlling the delivery of current to either the tip 
electrode or the ablation section electrodes. The 
flow of conductive fluid to the ablation section 
during use allows contact to be maintained between 
the electrodes and the tissue to be ablated so as to 
minimize the formation of breaks in the lesions. The 
conductive fluid also serves to cool the tip 
electrode during its use by delivering the fluid to 
the tip electrode before routing it to the ablation 
section. In preferred embodiments, use of a shape 
wire and/or one or more pullwires provide additional 
maneuve r ab i 1 i t y . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of the preferred embodiment 
of an ablation catheter according to the present 
invention . 

Figure 2A is a more detailed view of the deflectable 
shaft region of the ablation catheter of Figure 1. 

Figure 2B is a cross section of the main shaft at the 
designated plane B-B in Figure 2A. 

Figure 2C is a cross section of the ablation section 
at the designated plane C-C in Figure 2A. 



Figure 3A is an enlarged view of the ablation section 
without the foam and covering of the catheter of 
Figure 1 , 

Figure 3B-3E are cross sections at their respective 
designations of the ablation section in Figure 3A. 

Figure 4 is an enlarged side view of the tip 
electrode of the subject ablation catheter. 

Figure 5 is an alternative embodiment of the tip 
electrode . 

DETAILED DESCRIPTION OF THE DETAILED EMBODIMENTS 

The present invention provides a combination ablation 
catheter that comprises a cooled tip electrode and a 
linear electrode region that allows an operator to 
have a greater degree of control in the type and 
quality of lesions that may be formed. The 
advantages of the combination ablation catheter of 
the present invention will be further described 
below. 

Referring to Figure 1, inventive catheter 10 
generally comprises main shaft 2 0 having a distal end 
22 and proximal end 24; deflectable shaft 2 6 also 
having a distal end 2 8 and proximal end 30; tip 
electrode 32; and ablation section 34 mounted on to 
deflectable shaft 26. As depicted by Figure 1, 
catheter 10 also may include handle 36 with 
deflection knob 38, fluid port 40, and female adapter 
42 formed therein. 

Proximal end 30 of deflectable shaft 26 and distal 
end 22 of main shaft 20 are contiguous so as to form 
one continuous shaft. The diameter and length of 
continuous shaft formed by deflectable shaft 2 6 and 
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main shaft 2 0 may be of any suitable size that may be 
required for an ablation procedure. In preferred 
embodiments, the length of deflectable shaft 26 is 
between about 3 cm to about 10 cm and the diameter of 
5 both deflectable shaft 26 and main shaft 20 is 

between about 2 mm and 5 mm. 

Both main shaft 2 0 and deflectable shaft 2 6 may be 
made from the same material. Suitable materials 
include thermoplastic polymer, polyamide ether, 
10 polyurethane and other materials having similar 

properties that are known in the art. 

Deflectable shaft 26 differs from main shaft 20 in 
that it is more flexible (i.e., less rigid or stiff). 
This difference in flexibility allows deflectable 

15 shaft 26 to deflect to any angle between 0 to about 

180° from its non-deflected state, or assume various 
shapes without substantially affecting main shaft 20. 
As it will be explained in more detail below, the 
change in shape of deflectable shaft 2 6 may be a 

20 result of actuating a pullwire or the use of a 

removable core wire which is formed at least in part 
of memory wire. In preferred embodiments, the 
rigidity of main shaft 20 is between about 55 and 
about 80 durometers and the rigidity of deflectable 

25 shaft 26 is between about 30 and about 45 durometers. 

Referring to Figures 2 and 3, ablation section 34 is 
mounted on at the distal half of deflectable shaft 28 
and includes one or more spaced electrodes 44, fluid 
permeable deformable member or foam support segment 
30 46, and a fluid impermeable covering 48 having a 

plurality of holes or openings 50 formed in it. In 
preferred embodiments, ablation section 34 has a 
length of approximately between 1 cm and 5 cm and an 
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outer diameter of approximately between 2 mm and 5 
mm . 

Although covering 48 may contain any number of holes 
in any pattern, arranging the holes along the side 
which will be positioned against the ablation site at 
a density of approximately between 2 0 holes/cm and 6 0 
holes/cm is preferred- In especially preferred 
embodiments, covering 48 contains four rows of 0.007" 
diameter holes spaced 1 . 0 mm apart over the length of 
the active region of the ablation section. 

Foam support segment 46 at least partially surrounds 
ablation section electrodes 44 and is itself enclosed 
within fluid impermeable covering 48 which is 
preferably formed of a polymeric material. Foam 
support segment 4 6 may be formed from any suitable 
material such as an open cell polyurethane, cotton- 
like material, open-cell sponge, hydrogels, or other 
fluid permeable compressible materials. 

During use, RF energy is delivered to ablation 
section electrodes 44 while conductive fluid, such as 
saline, is simultaneously delivered to ablation 
section 34. The conductive fluid contacts electrodes 
44 and flows out foam support segment 46 through 
holes 50 in covering 48. Means for delivering 
current and fluid to ablation section 34 will be 
described in detail further below. 

Contact between ablation section 34 and the tissue to 
be ablated is enhanced in two ways. First, being 
deformable, foam support segment 46 can conform to 
the contours of the tissue to be ablated. The 
contact between ablation section 34 and the tissue to 
be ablated is further assisted by the positive 
pressure from the infusion of conductive fluid 
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through foam support segment 46. Second, because the 
fluid is conductive, the flow of fluid serves to 
couple the RF energy from ablation section electrodes 
44 to the tissue even if direct contact between the 
electrodes and the tissue is not maintained. 
Moreover, the conductive liquid also serves to cool 
ablation section electrodes 44 thus making the 
procedure safer by decreasing the likelihood of 
thrombus formation from heated blood. 

As shown in greater detail in Figure 4, tip electrode 
32 is attached to the most distal end 28 of 
deflectable shaft 26 by conventional means known in 
the art and includes chamber 52 formed therein. In 
preferred embodiments, tip electrode 32 has a rounded 
distal end and is between about 2 mm and 5 mm in 
length. As it will be further described below, tip 
electrode 32 is also cooled by the flow of fluid. 
Although tip electrode 32 may optionally include 
holes to allow fluid to flow therethrough as with 
ablation section 34, preferred embodiments deliver 
fluid to tip electrode chamber 52 and then remove 
this fluid by diverting it back through the catheter 
shaft in the opposite direction. 

Although alternate means may be used, the internal 
region of the rounded distal end of tip electrode 32 
is filled with conductive material 54 such as solder 
which acts to distribute current from lead wire 56 
(via exposed wire 57) to the tip of electrode 32. A 
device for monitoring the temperature of tip 
electrode 32 may optionally be included, such as 
thermocouple 58 depicted in Figure 4. However, it 
will be necessary to isolate thermocouple 58 from 
conductive material 54 by any known methods such as 
enclosing it in nonconductive pipe 60 filled with 
nonconductive adhesive 62. 
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Catheter maneuverability is provided by the use of 
one or more pullwires and/or one or more removable 
core wires, some of which are formed at least in part 
from memory or shape wire such as Nitinol. Referring 
back to Figure 1, pullwire 64 (not depicted in this 
illustration) is attached to proximal portion (at or 
near end 30) of deflectable shaft 2 6 by conventional 
means and the other end is attached to deflectable 
knob 38 in handle 36. Alternatively, pullwire 64 may 
be attached within chamber 52 of tip electrode 32. 

Pullwire 64 is actuated by slidably retracting 
deflection knob 38 along handle 36 in the direction 
shown by arrow A in Figure 1. The retraction of knob 
38 causes deflectable shaft 26 to be deflected. When 
knob 38 is moved back along handle 36 in a direction 
opposite arrow A, deflectable shaft 26 returns to its 
nondeflected state. Alternate pullwire actuation 
means may also be used. Although this embodiment 
uses only one pullwire, additional deflection points 
may be created by using a plurality of pullwires. 

Exchangeable core wires, some of which are made at 
least in part of shape or memory wire, may be used 
either in conjunction with, or as an alternative to 
the one or more pullwires. Typically, only the 
portion of the core wire which will be carried within 
deflectable shaft 26 (so as to assume the desired 
shape) needs to be formed from memory or shape wire. 
As suggested by Figure 1, core wire 66 is slidably 
disposed within a lumen that extends from distal end 
28 of deflectable shaft 26 through the proximal 
portion of main shaft 20, and exits out of main shaft 
20 at an opening therein. Core wire 66 preferably 
has a substantially flat cross-section (i.e. 
rectangular or oblong) to prevent the core wire from 
rotating about its longitudinal axis during use. In 
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addition, means for stiffening the portion of core 
wire 66 which diverges from main shaft 20 is also 
preferred, like attaching core wire 66 to a more 
rigid wire 68. This facilitates the insertion and 
removal of core wire 66 from the catheter shaft. 

During use, either a catheter without a core wire or 
a substantially straight core wire is used to advance 
the instrument through a patient's vessels. However, 
because of increased flexibility for threading 
through a patient's vessels, use of a catheter 
without a core wire inserted therein is generally 
preferred. When it is desired for deflectable shaft 
2 6 to assume a certain shape, then an appropriate 
core wire that will form this shape is inserted into 
the catheter shaft via the opening in the proximal 
end 24 of main shaft 20. Removing existing core wire 
66 and replacing it with one assuming a different 
shape may occur several times during the ablation 
procedure . 

If both pullwire(s) and exchange core wire are to be 
used in the same catheter, then it is preferred that 
the distal ends of the pullwires all terminate in the 
shaft proximal to the section in deflectable shaft 2 6 
that will assume the desired core wire shape. 

Any suitable means may be used to deliver current to 
ablation section electrodes 44 and tip electrode 32. 
In preferred embodiments, current may be delivered to 
tip electrode 32 without also delivering current to 
ablation section electrodes 44 and vice versa. This 
is typically achieved by using a switch box linked to 
catheter 10 via female port 42 that allows RF energy 
to be directed from an RF source to either the tip 
electrode lead wire(s) or the ablation electrode lead 
wires or if desired, both. The RF source may be any 
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conventional RF generator such as Model 8002 or 8004 
RF Generator by Cardiac Pathways, Inc. (Sunnyvale, 
California) . 

Similarly, any conventional means may be used to 
deliver conductive fluid to ablation section 34^ and 
to deliver and remove cooling fluid to and from tip 
electrode 32. For the sake of efficiency, it is 
preferred that the conductive fluid is also used as 
the cooling fluid for tip electrode 32 , 

Although any number of lumens may be used to 
accomplish delivering current and fluid to the 
appropriate sites, minimizing the number of lumens 
necessary for the task is generally preferred for 
manufacturing expediency. In preferred embodiments, 
main shaft 20 and deflectable shaft 26 include four 
lumens therein. These lumens are illustrated in 
Figures 2B-2C and Figures 3B-3E. 

Figure 2B illustrates a cross section of main shaft 
20. The four lumens include lumen 7 0 for core wire 
66; lumen 72 for tip electrode lead 56 and 
thermocouple leads 59; lumen 74 for ablation 
electrode leads 51; and lumen 76 for pullwire 64, As 
it will be further explained below, lumen 72 is also 
used to deliver fluid from fluid port 40 to chamber 
52 of tip electrode 32 and the distal portion of 
lumen 74 is used to route fluid from chamber 52 to 
ablation section 34. 

A stainless steel braid 78 is preferably embedded in 
the wall of main shaft 2 0 by conventional means known 
in the art. The inclusion of the braid improves the 
torque characteristics of main shaft 2 0 and thus 
makes the shaft easier to maneuver through a 
patient's vessels and heart. To minimize the 
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possibility for tissue trauma as the ablation 
catheter is fed through a patient's blood vessels and 
heart during use, wire braid 78 is preferably absent 
from deflectable shaft 26. This leaves the catheter 
tip sufficiently flexible to yield when advanced 
against obstacles within the vessels and heart. 

Figure 2C is a cross section of ablation section 34. 
Lumens 70, 72, and 74, and their respective contents 
are as previously described. Lumen 76 exists but is 
empty because pullwire 64 terminated at some point 
within the proximal portion of deflectable shaft 26. 
However, as previously described, if the pullwire 
terminated within chamber 52 of tip electrode 32 
instead of the proximal portion of deflectable shaft 
26 then pullwire 64 would be present in lumen 76. 
Additionally, Figure 2C shows foam support segment 46 
and fluid impermeable covering 48. 

Figures 3B-3E are additional cross sections of 
ablation section 34 which serve to illustrate the 
preferred coupling between the means for cooling tip 
electrode 32 and the means for delivering conductive 
fluid to ablation section 34. As described 
previously, lumen 72 delivers fluid from fluid port 
40 to chamber 52 of tip electrode 32 (as well as 
carry tip electrode lead 56 and thermocouple lead 
59) . 

Figure 3E is a cross section which is closest to tip 
electrode 32. Lumen 70 carrying core wire 66 is not 
seen since it terminated at a position proximal to 
this cross section. Lumen 74 which carries ablation 
section electrode leads 51 is empty since the leads 
terminated previously at their respective electrodes. 
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Conductive cooling fluid is delivered to chamber 52 
via lumen 72 , When the fluid reaches chamber 52 , 
fluid fills the chamber and is routed back away from 
tip electrode 32 through lumen 74. When an 
alternative embodiment for the tip electrode is used, 
such as that depicted by Figure 5, then cooling fluid 
will also exit out from tip electrode 32 from holes 
80. In either embodiments, fluid is not able to flow 
back through lumen 72 because of the positive 
pressure created by the inflowing fluid. This 
continuous flow of fluid results in cooling tip 
electrode 32 during use. 

From tip electrode chamber 52, conductive fluid is 
routed back through the catheter shaft towards 
ablation section 34 via lumen 74 (which also carries 
ablation electrode leads 51) . Openings (not 
depicted) in lumen 74 within ablation section 34 
allows fluid to flow from lumen 74 through foam 
support member 46 and out holes 50 in covering 48. 
The flow of fluid does not continue through lumen 74 
toward main shaft 2 0 because as depicted by Figure 
3B, lumen 74 is closed off at a point proximal to 
ablation section 34. 

It should be understood that various features of the 
preferred embodiments may be used in any combination 
with one another. For example, catheter 10 may 
include only pullwire 64 and not include exchangeable 
core wire 66. Alternatively, the means for 
delivering conductive fluid to ablation section 34 
may be independent from the means for delivering 
cooling fluid to and for removing cooling fluid from 
tip electrode 32 . 

Moreover, although the present invention has been 
described with reference to preferred embodiments, it 
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should be appreciated that these embodiments are for 
purposes of illustration only and are not intended to 
limit the scope of the appended claims. 



15 

What is claimed is : 



1. An apparatus for ablating body tissue, 
comprising : 

an elongate tubular member having a distal end; 

a tip electrode attached to the distal end of 
the elongated member; 

an ablation section having at one or more 
electrodes carried on the elongate tubular member; 

a fluid permeable deformable member at least 
partially covering the ablation section electrodes; 

means for delivering current to the tip 
electrode ; 

means for delivering current to the ablation 
section electrodes; and, 

means for delivering conductive fluid through 
the deformable member in the ablation section such 
that when the electrodes are placed adjacent to the 
body tissue, the fluid creates a conductive path 
between the ablation section electrodes and the 
tissue . 

2 . The apparatus of claim 1 further comprising a 
core wire carried within the elongate tubular member. 

3 . The apparatus of claim 2 wherein the core wire 
is formed at least in part of memory wire and the 
elongate tubular member includes an opening at its 
proximal end, such that the core wire is slidably 
disposed in and removable from the elongate tubular 
member through the proximal end opening of the 
elongate tubular member. 

4. The apparatus of claim 1 wherein the means for 
delivering the current to the tip electrode is 
independent from the means for delivering the current 
to the ablation section such that current may be 



wo 99/48421 



PCT/US99/00567 



16 

separately delivered to either the tip electrode or 
the ablation section electrodes. 

5. The apparatus of claim 1 wherein the tip 
electrode includes a chamber formed therein and the 
apparatus further comprises: 

means for delivering cooling fluid to the tip 
electrode chamber wherein the cooling fluid cools the 
tip electrode during use and 

means for withdrawing the cooling fluid from the 
tip electrode chamber after its use. 

6. The apparatus of claim 5 wherein the cooling 
fluid is also conductive and the means for delivering 
conductive fluid to ablation section is coupled to 
the means for removing cooling fluid from the tip 
electrode chamber . 

7. The apparatus of claim 6 wherein the cooling 
fluid is withdrawn from the tip electrode chamber by 
delivering the cooling liquid through the deformable 
member in the ablation section. 

8 . The apparatus of claim 5 wherein the tip 
electrode chamber contains one or more openings for 
allowing at least some portion of the cooling liquid 
to exit out the tip electrode chamber while the 
tissue is being ablated. 

9. The apparatus of claim 1 wherein the deformable 
member includes a layer of foam over the ablation 
section electrodes . 

10. The apparatus of claim 9 further comprising a 
covering on the deformable member, the covering 
formed of a material substantially impermeable to 
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fluid, the covering including at least one opening 
sized to allow passage of fluid out of the covering. 

11. The apparatus of claim 1 wherein the tip 
electrode includes a means for measuring temperature . 

12 . The apparatus of claim 1 wherein the distal end 
of the elongate tubular member is bendable and 
wherein the apparatus further comprises: 

a pullwire extending through the elongate 
tubular member, the pullwire having a fixed first end 
and a moveable second end for adjusting the bend of 
the distal end of the elongate tubular member. 

13 . The apparatus of claim 1 further comprising a 
plurality of pullwires and a plurality of means for 
actuating the pullwires. 

14. A catheter for ablating body tissue, comprising: 
an shaft having a bendable distal section and a 

distal end; 

a tip electrode having a chamber formed therein 
and attached to the distal end of the shaft; 

an ablation element carried on the distal 
section of the shaft; and, 

means for delivering current to the tip 
electrode; 

means for delivering current to the ablation 
element ; 

means for delivering fluid to the tip electrode 
chamber to cool the tip electrode during use; and, 

means for withdrawing the fluid from the tip 
electrode . 

15. The catheter of claim 14 wherein the tip 
electrode include a means for measuring temperature . 
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16 . The catheter of claim 14 wherein the means for 
delivering the current to the tip electrode is 
independent from the means for delivering the current 
to the ablation section such that current may be 
separately delivered to either the tip electrode or 
the ablation section electrodes. 

17. The catheter of claim 14 further comprising: 

a pullwire extending through the shaft member, 
and having a fixed distal end and a moveable proximal 
end for adjusting the bend of the distal end of the 
shaft member. 

18. The catheter of claim 14 further comprising: 
a fluid permeable deformable member at least 

partially covering the ablation element and 

means for delivering conductive fluid through 
the deformable member. 

19. The catheter of claim 14 wherein the cooling 
fluid is conductive. 

20. The catheter of claim 19 further comprising: 
a fluid permeable deformable member at least 

partially covering the ablation element and wherein 
the means for withdrawing the fluid from the tip 
electrode is by delivering the fluid through the 
deformable member. 

21. The catheter of claim 18 further comprising a 
covering on the deformable member, the covering 
formed of a material substantially impermeable to 
fluid, the covering including at least one opening 
sized to allow passage of fluid out of the covering. 

22. The catheter of claim 14 further comprising a 
core wire carried within the shaft member. 
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23. The catheter of claim 22 wherein the core wire 
is formed at least in part of memory wire and the 
shaft member includes an opening at its proximal end, 
such that the core wire is slidably disposed in and 
removable from the shaft member through the proximal 
end opening of the shaft . 

24. The catheter of claim 14 wherein the tip 
electrode chamber includes at least one opening sized 
to allow fluid to exit from the tip electrode during 
ablation . 

25. A multipurpose device for ablating tissue 
comprising : 

an elongated catheter having a fluid carrying 
lumen extending from the proximal to the distal end 
thereof ; 

a first electrode located at the distal end of 
the catheter, the first electrode being 
thermodynamically coupled to fluid carried in the 
lumen ; 

a plurality of second electrodes located near 
but spaced apart from the distal end of the catheter, 
the second electrodes being covered by elongated 
fluid permeable material and coupled to the lumen so 
that fluid can pass out of the lumen, through the 
fluid permeable material and to the tissue; and 

means for delivering current to the first and 
second electrodes . 

26. A method for ablating tissue using a catheter 
having a tip electrode located on its distal end and 
a plurality of second electrodes located near but 
spaced apart from the tip electrode, comprising: 

forming at least one linear lesion using the 
plurality of second electrodes and then 
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forming at least one point lesion using the tip 
electrode . 

27. The method as in claim 26 wherein the point 
lesion is formed in the same site as the linear 
lesion . 

28. A method for ablating tissue using a catheter 
having a tip electrode located on its distal end and 
a plurality of second electrodes located near but 
spaced apart from the tip electrode, comprising: 

forming at least one point lesion using the tip 
electrode and then 

forming at least one linear lesion using the 
plurality of second electrodes. 



wo 99/48421 



PCT/US99/00567 




wo 99/48421 



PCT/US99/00567 




wo 99/48421 



PCT/US99/00567 





FIG. 5 



INTERNATIONAL SEARCH REPORT 



Internat I Application No 

PCT/uS 99/00567 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61B5/042 A61N1/05 G01B7/28 A61M25/Q0 A61M25/01 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (class if ication system followed by classification symbols) 

IPC 6 A61B A61N GOIB A61M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5 423 811 A (IMRAN MIR A ET AL) 
13 June 1995 

see column 2, line 38-57 



see column 3, line 8 - column 4, line 46 
see column 5, line 45-57 
see column 5, line 14 - column 7, line 4 
see figures 1,2,4 

WO 98 02201 A (CARDIAC PATHWAYS CORP) 
22 January 1998 

see page 4 

see page 6, line 24 - page 7, line 22 
see page 11, line 19 - page 13, line 26 
see figures 1,2,9-12 



14.15, 

19,24 

1,2,5,6, 

8-11,17, 

18, 

20-22,25 



1,2,5,6, 
8-11.18, 
20-22,25 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



'* Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
•E" earlier document but published on or after the international 

filing date 

'L' document which may throw doubts on priority claim (s) or 
which is cited to establish tiie publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



*T" later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&* document member of the same patent family 



Date of the actual completion of the international search 



28 April 1999 



Date of mailing of the intemationai search report 

I 1. 05. 99 



Name and mailing address of the ISA 

European Patent Office, P.B, 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Bichlmayer, K-P 



Fonn PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interna* ' Application No 

PCT/US 99/G0567 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 676 693 A (LAFONTAINE DANIEL MARC) 
14 October 1997 

see column 2, line 54 - column 3» line 2 
see figure 3 

WO 97 32525 A (CARDIAC PATHWAYS CORP) 
12 September 1997 

see page 3, line 19 - page 4, line 34; 
figures 12A-E 

EP 0 395 098 A (TOKIN CORP ;TERUMO CORP 
(JP)) 31 October 1990 
see abstract 

US 5 730 127 A (AVITALL BOAZ) 

24 March 1998 

see column 6, line 50-57 

EP G 689 851 A (CORDIS EUROP) 

3 January 1996 

see the whole document 

US 4 570 354 A (HINDES CHARLES S) 

18 February 1986 

see column 2, line 45-60 



1,25 

18,20,21 

3,23 

4,15 

12 
17 
13 
17 



Form PCT/iSA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



InU .[ional application No. 

PCT/US 99/0Q567 



Box I Observations where certain claims were found unsearcliable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 



Claims Nos.: 25-28 

because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
surgery 



□ 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



□ 



Claims Nos, : 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is laclcing (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 j I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 



2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



□ As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1 )) (July 1 998) 



INTERNATIONAL SEARCH REPORT 

If. mation on patent family members 



Interna' i Application No 

PCT/US 99/00567 



Patent docunnent 

e^iiari in sirrah raftnrt 

ciisd in seaicn rspori 


Publication 
dats 


Patent family 
member(s) 


Publication 
date 


US 5423811 A 


13-06-1995 


US 


5348554 


A 


20-09-1994 






US 


5658278 


A 


19-08-1997 






A 1 1 

AU 


573015 


B 


24-10-1996 






AU 


5201993 


A 


16-06-1994 






CA 


2110309 


A 


02-06-1994 






EP 


0608609 


A 


03-08-1994 






JP 


2562861 


B 


11-12-1996 






JP 


6254103 


A 


13-09-1994 






US 


5597927 


A 


16-12-1997 






US 


5545151 


A 


13-08-1996 


WO 9802201 A 


22-01-1998 


US 


5882346 


A 


16-03-1999 






AU 


3153997 


A 


09-02-1998 


US 5676693 A 


14-10-1997 


EP 


0765178 


A 


02-04-1997 






JP 


10501439 


T 


10-02-1998 






WO 


9534346 


A 


21-12-1995 






DE 


4338758 


A 


19-05-1994 






US 


5584872 


A 


17-12-1996 


WO 9732525 A 


12-09-1997 


US 


5800482 


A 


01-09-1998 






EP 


0884978 


A 


23-12-1998 


EP 0395098 A 


31-10-1990 


JP 


1716271 


C 


27-11-1992 






JP 


2289265 


A 


29-11-1990 






JP 


4002273 


B 


17-01-1992 






JP 


1715272 


C 


27-11-1992 






JP 


2289266 


A 


29-11-1990 






JP 


4002274 


B 


17-01-1992 






JP 


1736744 


C 


26-02-1993 






JP 


2289267 


A 


29-11-1990 






JP 


4008065 


B 


13-02-1992 






AU 


623006 


B 


30-04-1992 






AU 


5451590 


A 


01-11-1990 






DE 


69007841 


D 


11-05-1994 






DE 


69007841 


T 


11-08-1994 






KR 


9405307 


B 


16-06-1994 






US 


5069226 


A 


03-12-1991 


US 5730127 A 


24-03-1998 


US 


5687723 


A 


18-11-1997 






US 


5487385 


A 


30-01-1996 






US 


5842984 


A 


01-12-1998 






AU 


685559 


B 


22-01-1998 






AU 


1265495 


A 


19-06-1995 






CA 


2177982 


A 


08-06-1995 






EP 


0731665 


A 


18-09-1996 






JP 


9506017 


T 


17-06-1997 






WO 


9515115 


A 


08-06-1997 


EP 0689851 A 


03-01-1995 


NL 


9401107 


A 


01-02-1996 






US 


5674197 


A 


07-10-1997 


US 4570354 A 


18-02-1986 


NONE 











Farm PCT/ISA/210 {patent Jomily annex) (July 1992} 



